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THE EFFWT OF VIBHATION ON HEAT PIPE PERFORMANCE

by

J. E. Deverell

AI?STBACT

A water heat pipe was operated while being subjected to typical
sinusoidaland random vibrations encounteredduring a missile launch
to detersd.nethe effect of vibration on heat pipe performance. The
results of the experiment indicate that vibration tends to improve heat
pipe performance as it promotes better wetting of the wick structureby
the fluid.

.

I. Introduction

The heat pipel is a heat transfer device which

has considerablyless weight and orders of magni-

tude greater thermal conductancethan any type of

solid heat conductor. It is a sealed container in

which a fluid is continuouslyevaporatingand con-

densing, transferringheat by mass flow and utiliz-
2ing the latent heat of vaporization. A complete

flow cycle is formed by return of condensed liquid

to the evaporatorthrough a capillary wick struc-

ture. By proper choice of fluids, heat pipes can

be constructed for operating temperatures from be-

low 0“ to 20QO”C.3

Because of the heat pipe’s high thermal con-

ductance, light weight, and ability to transfer

heat with essentiallyno temperaturedrop, it has

great potential for the solution of heat transfer

problems In space applications. The thermal prob-

lems encountered in satellites range from low tem-

perature thermal control,4 where water heat pipes

could be used, to high temperatureheat rejection

systems and thermioni.cpower devices in the liquid-

metal heat pipe range.

To establish the fact that heat pipes will.

function properly under space conditions,an exper-

iment was conducted in which a water heat pipe was

operated in an earth orbit. The results of that

experiment indicatedthat the absence of gravita-

tional forces was not detrimentalto heat pipe per-

formance.5 In many space applications,however, it

may also be necessary for a heat pipe system to

operate during the launch period which would subject

it to rather severe vibrational forces. The object

of this experimentwas to investigatethe effects of

sinusoidaland random vibrations, similar to missile

launch conditions,on the operation of a water heat

pipe.

II. Heat Pipe Assembly

The heat pipe used for the test was a 12 in.

by 3/4-in.-o.d.stainless steel tube lined with

three layers of 100 mesh stainless steel screen to

provide a wick structure. Closure of the pipe was

made by welding an end cap into each end. A l/8-in.-

o.d. annealed nickel capillary tube, welded Into one

end cap, provided a means for sealing the fluid

under vacuum after loading.

Heat was supplied to the heat pipe by a copper-

clad electric heater which was wound around the pipe

and soldered in place with pure tin for a good me-

chanical and thermal bond.

After the heat pipe was assembled and helium

leak-tested, it was loaded with the proper amount

of distilled water. The pipe was first evacuated

for several hours until the pressure was 10-7 susHg.

The vacuum line was then sealed off,and a valve to

a pipette containingdistilled water was opened.

When the desired amount of water had been metered

into the heat pipe, the pipette valve was closed.

The pipe was sealed by cutting the annealed nickel

capillary tube with a pinch-off tool. The amount of
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Fig. 1. Heat Pipe Assembly.

water required to saturate the wick, with no excess,

was 7.5 g.

The heat pipe was supported between two brack-

ets which were attached to an aluminum baseplate,

with the bracket at the heater end 1/8 in. higher

than that at the condenser end. This was done so

the heat pipe would have a slight pitch when the

baseplate was mounted horizonta13y,toensure that

liquid return wea by capillary action. The heater

leads were supportedby

at the heater end. The

in Fig. 1.

III. Instrumentation

Temperaturesalong

clamping them to the bracket

complete assembly is shown

the length of the heat pipe

were measured by chromel-alumelthermocouplesspot-

welded to the surface of the pipe. The thermo-

couples were spaced along the length, as shown in

Fig. 2, with six placed along the top surface and

six underneath. A 1.2-pointrecorder,with a sweep-

rate of one temperaturereading per second, was used

to record the temperatures. A variable transformer

provided control of the heater input power to obtain

the desired temperatures.

IV. Vibration Equipnent

The facility used for this experimentwas a

Ling Electronicsvibration exciter with a 90-kW out-

put power amplifier and an 80-filter automatic

oI HEA oTER :S(

equalization-analyserconsole for random vibration

testing. The exciter had a frequency range of

5-20c0 cpsjand the rate OS?frequency change could

be progranmwd for automatic control. A remote

frequencymeter, connected to the control room, was

placed beside the exciter so that the observer

could note the frequency on the temperature record-

ing sheet as a function of time.

A small bench-model vibrator was also used to

test the heat pipe performancewhen operating at

different eagles. This was a 60-cycle, constant

frequencymodel with a variable force input.

v. Test Procedure

For the variable frequency and random vibra-

tion tests, the heat pipe assemblywaa bolted to

the Ling exciter in a horizontal position. The

mounting arrangement is shown in Fig. 3 with the

temperature recorder and variable power supply in

the background. Sinusoidal and random vibration

tests were made at two different heat pipe equili-

brium tanperatures,60” and 90”C. The folloting

specificationswere used for the tests.

Sinusoidal Sweep

5 - 45 cps @ 0.125 inches D.A. displacement

45 - 165 CPS @ 12.o G’s peak

165 - 2000 cps @ 9.0 G’s peak

o4 05 06

Fig. 2. ThermocoupleSpacing.
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20 - 65

65 - 125

1.25 - 700

‘(00 - 915

Fig. 3. Heat Pipe Mounted

Random Vibration

cps @ O.@k G2 per cps

cps @ 9.0 db per octave

CpS @ 0.3 G2 per CPS

CPS @ -1.8.o db per octave

?

.“

915- 2000 cps @ 0.06G2 per cps

The sinusoidal.sweep was started at 5 cps and

increased to 2000 cps at a sweep rate of 3 minutes

per octave. The random tibration test was run

4 minutes at each temperature level.

At the start of the test, the power supply was

turned on and adjusted until the heat pipe reached

an equilibriumtemperature of 60”C. The sinusoidal

vibration sweep was then started,andthe frequency,

as indicated by the remote frequencymeter, was

r’ecordedat various intervals on the temperature

recording chart. When this phase had been com-

“0:,-------“
*- .””-*
“-” ---

--
b

on Vibration Exciter.

pleted, the heat pipe was then subjected to the ran-

dom tibration. During both tests a continuous mon-

itor of the temperatureswas made by the tempera-

ture recorder. The heat pipe temperaturewas then

raised to 90”C and the two tests repeated.

For the 60-cycle vibration test, the heat pipe

was operated at 70”C with the heater end elevated

at various angles from 0° to 40”. The heat pipe

was bolted to the vibrator pl.ate,andthe angle was

varied by elevating one end of the vibration unit

as shown in Fig. 4. At each angle, the heat pipe

was allowed to attain temperature equilibrium and

then the vibrator was turned on for 1 minute. In

an effort to observe the effect of vibration on

the distributionof the fluid in a heat pipe, a

Plexiglas model with no heater was also tested.

this model the wick structure did not extend the

full length of the tube so that a transparent

In
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Fig. 4. VibrationTest at Various Angles.

section at one end petitted obse~tion 01’ tibra.

‘xcePt at POhIt NO. 12 Which ~ 3/4°C lm. Thi~
tion effects on a liquid~ol (see Fig. 5).

~a due to a sli&t Eunomt of’excess l.iqtid COI.

lected at this point.~. Restits
Duing the vibration sweep

there was no change in the temperat-e distribu-At the begimi~ of the sinuoid~ sweep test,

tion except between 500 and lW cps. In thisthe heat pipe was esaentiti~ isothe~ at 600C

r-e, temperate read+ No. 1.2increased to 60”c

.

-—-”-—---—— ——-”-~ A_
Fig. 5. Transp-at Plexiglas Model.
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and all temperaturesplotted as a straight line.

At this temperature there was no change in the tem-

perature distributionduring the random vibration

test.

lthenthe temperaturewas increased to 90”C,

point No. 12 was approximately2°C low because the

quantity of excess liquid was larger owing to

thermal expansion of the liquid. During both the

sinusoidal and random vibration tests this tempera-

ture difference wae only 1°C.

In the 60-cycle test, the amount of excess

liquid at the end opposite the heater increased

with the angle of inclinationof the heat PiPe,

owing to draining of the wick structure. This led

to a lower temperature at the end of the pipe. At

~0” elevation,the wicking-limitheight, thermo-

couples NO. 6 and No. 12 indicated temperaturesof

7“ and 12-1/2°C, respectively,below the other pipe

temperatures. A radiograph at this angle showed

that the liquid pool was large enough to contact

both of these temperaturepoints. However, when

the vibrator was turned on at each of the angles

tested,the temperature differences disappearedand

the heat pipe operated isothenuklJYwithin l“C.

The Plexiglasmodel was tested in an effort to

determine what caused the heat pipe to operate iso-

thermd.ly under vibration. It was observed that a

pool of water, formed by inclining the pipe, was

broken up into small droplets and thrown baek up

into the wick structure.

when the wick was almost

would re-wet much faster

vibration.

It WSB also noted that

completely drained, it

and more completelyunder

VII. Conclusions

The results of these tests indicate that

sinusoidal and random vibrations, tithin the

spectrum tested, are not detrimental to heat pipe

performance. It was consideredpossible that

vibration would remove liquid from the wick

structure;however, these tests show that vibra-

tion aids in the wetting of the wick, forcing

liquid into all parts of the wick structure, and

improves heat pipe performance. In fact, it aP-

pears that after heat pipes have been loaded with

fluld, the wetting-in process could be greatly

acceleratedby applying vibration.
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